Abstract. The BeppoSAX satellite has recently opened a new way towards the solution of the long standing gamma-ray bursts' (GRBs) enigma, providing accurate coordinates few hours after the event thus allowing for multiwavelength follow-up observational campaigns.
Introduction
The comprehension of the nature of the Gamma-Ray Bursts (GRBs) is a long-standing problem of a world-wide scientific community since the announcement of their discovery (Klebesadel et al. 1973) . Many observational (Fishman & Meegan 1995) and theoretical (Lamb 1995; Paczynski 1995) efforts did not succeed in understanding the origin of GRBs. The launch of the BeppoSAX satellite (Boella et al. 1997a 
) revolutionized
Send offprint requests to: feroci@saturn.ias.rm.cnr.it the field, opening a new observational window soon after the GRB event. Due to its Gamma Ray Burst Monitor (GRBM, 40-700 keV, Frontera et al. 1997a; Feroci et al. 1997a ) and its Wide Field Cameras (WFCs, 2-26 keV, Jager et al. 1997) this satellite is capable of detecting GRBs in the gamma-ray band and accurately localizing them in X-rays through a coded mask proportional counter.
Five GRBs, amongst those simultaneously detected by the GRBM and the WFCs, were promptly analyzed, allowing multiwavelength follow-up observational campaigns. The first result is the BeppoSAX discovery of the X-ray afterglow of GRB970228 (Costa et al. 1997 ) and the discovery of a related optical transient by ground-based telescopes (van Paradijs et al. 1997) . Further results have been achieved with the detection of the X-ray afterglows of GRB970402 , Piro et al. 1997a ), GRB970508 (Costa et al. 1997c , Piro et al. 1997b ) and GRB971214 (Heise et al. 1997a , Antonelli et al. 1997 . From GRB970508 an indication of an extragalactic origin has been derived through the detection of an optical transient (Bond, 1997; Djorgovski et al. 1997 ) and the measurement of its optical spectrum , providing a lower limit of 0.835 for the redshift of the possible GRB optical afterglow.
One of the most intriguing mysteries of GRB emitters is possibly solved, but the overall picture is far from clear. In fact, out of the five events for which BeppoSAX performed rapid follow up searches of a X-ray counterpart, one (GRB970111) has given a result that is significantly different from the other four. The celestial location of GRB970111 was observed by BeppoSAX just 16 hours after the GRB event, and no unambiguous evidence for an X-ray afterglow was found. A new faint source (1SAX J1528.1+1937) was detected at a flux level that is much lower than that expected on the basis of the properties of the other GRBs later observed by BeppoSAX. Here we present this detection, discuss its association with GRB970111 and the diversity from the other four BeppoSAX GRBs.
GRBM and WFC detection
On 1997 11 January, 09:43:59.99 UT the GRBM onboard BeppoSAX was triggered by an intense gamma-ray burst, showing a multipeak structure and lasting ∼43 s ). The peak intensity was (3.9 ± 0.3) × 10 −6 erg cm −2 s −1 in the energy range 40-700 keV. This GRB was also detected by the WFC unit 2, with a similar time profile structure but a longer duration (see Fig. 1 ). The 2-10 keV peak flux was (4.1±0.7)×10 −8 erg cm −2 s −1 . The fluence of the event in 40-700 keV was (4.14 ± 0.31) × 10 −5 erg cm −2 while in 2-10 keV it was (1.6 ± 0.1) × 10 −6 erg cm −2 . In Fig. 1 the gamma-ray (GRBM) and X-ray (WFC) light curves of the event are shown. Given that GRB970111 was one of the earliest X-ray transients detected in the WFC at the Quick Look Analysis, the position of the event was promptly distributed with a 10 error radius , somewhat worse than that obtainable from the instrinsic capabilities of the WFCs. After about 20 days a revised error box of the GRB970111 location with a 3 error radius was produced, centred at a position 4 .2 apart from the centroid of the previous one (in 't Zand et al. 1997 59400-79700 (2.8 ± 1.2) 1.9 ± 0.8 79700-109940 (2.5 ± 0.9) 1.7 ± 0.6 109940-162530 (0.8 ± 0.6) 0.5 ± 0.4 new region is contained within the previous one, but is centred about 1 apart. The Interplanetary Network used the delay in the GRB arrival times between the interplanetary Ulysses mission and the ComptonGRO and BeppoSAX near-Earth satellites (Galama et al. 1997 ) to obtain a narrow strip of possible arrival directions in the sky. This allows the reduction of the GRB error box to a portion of the WFC error circle.
BeppoSAX detection of 1SAX J1528.1+1937
The earliest (10 ) error box of GRB970111 was imaged with the narrow field X-ray instruments (NFI) onboard BeppoSAX: the Low Energy Concentrator Spectrometer (LECS, 0.1-10 keV, Parmar et al. 1997 ) and the three Medium Energy Concentrator Spectrometers (MECS, 2-10 keV, Boella et al. 1997b ). This Target of Opportunity observation was started 59,400 s after the GRBM trigger time, from 12 January 02:14 to 13 January 06:01 UT, for a total net exposure time of 52,139 s with the MECS and 11,594 s with the LECS (the latter being operated only during satellite night-time).
At the time when the NFI observation was performed the WFC improved error box was not available and therefore any source included in the error box region was a potential counterpart for the GRB970111. Two relatively bright X-ray sources were detected in the 10 error box by the BeppoSAX/NFI , resolved into three sources in the ROSAT All Sky Survey (Voges et al. 1997) . One of them, RXJ152845+1944.5, was also inside the early intersection of the WFC error box and the IPN error strip (Hurley et al. 1997) . A peculiar radio source was detected with the VLA (Frail et al. 1997 ) in a position coincident with this X-ray source. The final WFC error box, however, excludes this source as possible counterpart to GRB970111. The latest WFC error box only includes an unknown X-ray source, 1SAX J1528.1+1937. The false colour image obtained from the MECS is shown in Fig. 2 . The image shows the WFC error box, intersected by the IPN annulus, together with the MECS source error box.
The data analysis of the MECS image, performed with Ximage (Giommi et al. 1991) , gives the position of the new source at RA=15 h 28 m 09 s .2 and Decl.=+19
• 37 02", with a 60" error radius (90% confidence level). The probability that this detection is due to a background fluctuation is of the order of 10 −6 . The count rate of 1SAX J1528.1+1937 is in the 0.1-2 keV energy range. The MECS error box of the new source 1SAX J1528.1+1937 is almost entirely contained within the WFC error box of GRB970111. Considering the 99% confidence IPN annulus the source 1SAX J1528.1+1937 is at a position only marginally consistent with GRB970111. Therefore, if we use the reduced WFC-IPN error box, the upper limit to the 2-10 keV flux of 1.6 × 10 −13 erg cm −2 s −1 (3 σ). In the context of the possible association of 1SAX J1528.1+1937 with GRB970111 it is interesting to note that dividing the NFI observation into three time intervals consisting of the first 10 ks, the following 15 ks, and the last 26 ks of exposure time, gives the count rates listed in Table 1 . Even if the count rate is rather low, considering the combination of the temporal and positional coincidences and the indication of a decaying behavior, then the possibility of a random occurrence of 1SAX J1528.1+1937 in the error box of GRB970111 is lower than the ∼3% derived from the source statistics of the ASCA GIS (Cagnoni et al. 1997 ).
Discussion and conclusions
The BeppoSAX follow-up observation of the error box of GRB970111 was the first prompt follow-up observation of a GRB ever performed by an X-ray satellite. Before BeppoSAX Fig. 3 . X-ray (2-10 keV) decay law of the candidate counterpart of GRB970111, compared to GRB970228. The dot-dashed and the solid horizontal lines are the mean X-ray flux for GRB970228 and GRB970111, respectively. The inclined dashed line is the decay law suggested by Costa et al. (1997a) for GRB970228. The inclined solid line shows the power-law index, 1.5, needed for connecting the WFC GRB970111 mean flux and the 1SAXJ 1528.1+1937 flux the time-scale of a possible X-ray emission from GRB remnants was completely unknown. This first basically non-detection, therefore, could only be interpreted as an upper limit to the time-scale of the decline of an X-ray afterglow or to its flux. Now, with the detection of the X-ray afterglows of GRB970228, GRB970402, GRB970508 and GRB971214, BeppoSAX has set up a new scenario in which GRB970111 seems misplaced. Also the detection of the X-ray afterglow of a GRB (GRB970828, Remillard et al. 1997; Murakami et al. 1997) by the RossiXTE and the ASCA satellites supports the general framework for the GRBs' afterglow built by BeppoSAX.
GRB970228, GRB970402 and GRB970828 showed a similar behavior, with a fading X-ray counterpart continuously decaying from the GRB main emission into the afterglow following an approximate t −1.3 law. In the case of GRB970228, the spectral analysis (Frontera et al. 1997b ) confirms the continuity between the latest GRB emission and the X-ray counterpart detected after few hours. This temporal behaviour could be explained in the framework of the fireball model (Cavallo & Rees 1978; Rees & Meszaros 1992) as a highly radiative expansion of a relativistic shell. GRB970508 has shown a X-ray counterpart whose decay is more complicated than the above three. The above model could still account for this different behavior, but it needs to invoke a non-uniform surrounding medium, with a density scaling as r −2 (Vietri 1997) . Whether 1SAX J1528.1+1937 is related to GRB970111 or not, this gamma-ray burst had a much faster decay than observed for any of the others. In order to make this clear, we compare a hypothetic power-law decay of GRB970111 with the "typical" power-law decay of GRB970228 reported in Costa et al. (1997a) . Therefore, in Fig. 3 we assume that the new X-ray source is associated with the GRB and impose a power-law decay of the afterglow starting from the WFC mean flux at a time centred on the GRB X-rays duration. The needed power-law index is −1.5. Alternatively, assuming that 1SAX J1528.1+1937 is not related to GRB970111 we can derive a lower limit to the power-law index by using the upper limit of the MECS flux in the region of sky defined by the error box, to obtain a value very similar to the 1.5 value given above.
Trying to extract GRB970111 from the group as an intrinsically different event, we note that its gamma-ray fluence is about more than three times larger than the largest of the other three. On the other hand, even if this GRB is of the "No High Eenergy" type (that is, it shows only weak emission above 300 keV, Pendleton et al. 1997) , the ratio between the X-ray (2-10 keV) and gamma-ray (40-700 keV) fluences is about 4%, to be compared to 20% (2-10 keV) for GRB970228 (Frontera et al. 1997b ), 5% (2-10 keV) for GRB970402 (Nicastro et al. 1997 ) and 40% (2-26 keV) for GRB970508 (Piro et al. 1997b ). GRB970111 appears therefore as the one (together with the April event) with the less efficient low X-rays mechanism for energy release. Furthermore, no optical source was found in the WFC error box changing its intensity more than 0.5 magnitudes at a level of B=23 and R=22.6 from about 19 hours to about one month later Gorosabel et al. 1998) . A radio search at 1.4 GHz (Frail et al. 1997 ) and at millimetric wavelength (Smith et al. 1997 ) did not find a counterpart to 1SAXJ1528.1+1937. These results support the idea that the optical, radio and millimetric channels are unefficient as well. Since GRB970111 was one of the brightest events ever detected in gamma-rays, one may conclude that its gamma-ray channel was efficient enough to dissipate most of the energy generated in the burst.
Alternative interpretations of the lack of X/optical/radio afterglow of the GRB970111 may be either a very rapidly evolving afterglow, with a decay law faster than observed in the other BeppoSAX GRB afterglows, or the absence of an afterglow source. The former hypothesis would be in agreement with the model by Tavani (1997) of a decay behavior represented by a power law with index −21/8 due to the observation in a fixed energy band (2-10 keV) of a synchrotron emission spectrum with a rapidly evolving critical frequency. Alternatively, the latter situation could be due, as an example, to the scenario in which the event that caused the GRB occurred in a region in which the interstellar medium density is low enough (perhaps the external regions of a host galaxy) to justify the absence of an external shock, possibly responsible for the afterglow emission in the other cases (Katz & Piran 1997) .
